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SPECIFICATION 

1. Title of the Invention 

LIQUID CRYSTAL DISPLAY 

2. Claims 

1 . A battery-driven liquid crystal display which is characterized by the fact that this display 
comprises a paper battery as a reflective sheet that also acts as a power supply. 

2. The liquid crystal display according to Claim 1 , which is characterized by the fact that the 
above-mentioned paper battery is a thin primary cell which is formed by successively laminating 
a positive pole collection layer, a positive pole active substance layer, a polymeric solid 
electrolyte layer and an aluminum foil layer. 

3. The liquid crystal display according to Claim 2, which is characterized by the fact that the 
above-mentioned aluminum foil layer acts as the reflective sheet of the liquid crystal display. 

4. The liquid crystal display according to Claim 2, which is characterized by the fact that the 
above-mentioned positive pole collection layer comprises a layer in which carbon is dispersed in 
a polymer compound. 

5. The liquid crystal display according to Claim 2, which is characterized by the fact that the 
above-mentioned positive pole collection layer comprises a layer consisting of a metal oxide or a 
layer in which a metal oxide is dispersed in a polymer compound. 

6. The liquid crystal display according to Claim 2, which is characterized by the fact that the 
above-mentioned positive pole active substance layer comprises a layer in which manganese 
dioxide is dispersed in a polymer compound. 

7. The liquid crystal display according to Claim 2, which is characterized by the fact that the 
above-mentioned polymeric solid electrolyte comprises an amorphous polymer compound and 
an alkali metal salt. 

8. The liquid crystal display according to Claim 7, which is characterized by the fact that the 
above-mentioned alkali metal salt is a lithium metal salt. 
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3. Detailed Description of the Invention 

(Field of Industrial Utilization) 

The present invention relates to a liquid crystal display, and more particularly to the 
reflective sheet and operating power supply of such a liquid crystal display. 

(Prior Art and Problems that the Invention is to Solve) 

Currently, in our daily lives, liquid crystal displays (hereafter referred to as "LCDs") may be 
found as familiar battery-operated portable display bodies. Since LCDs possess the special 
features of thinness, light weight, low power consumption and low-voltage driving, etc., such 
displays are widely used in various fields of application such as watches, personal computers, 
word processors and liquid crystal televisions, and it would appear likely that the range of use of 
such displays will become increasingly broader in the future. 

However, the visibility, and especially the visual field angle dependence, is the biggest 
problem in LCDs. Specifically, there are angles at which visibility is poor because of the 
reflection of light, and in order to ameliorate this problem, it is necessary to install a reflective 
sheet consisting of an aluminum foil, etc., on the back surface of the LCD. Furthermore, instead 
of a reflective sheet consisting of such an aluminum foil, systems have also been employed in 
which a fluorescent lamp or the like is installed on the back surface, so that irregularity in the 
light is eliminated (a so-called back-lighting system used in word processors, etc.). However, 
such a back-lighting system does not meet the requirements of light weight and low cost, and is 
not suitable for use in battery-driven LCDs. 

Meanwhile, dry cells, button batteries and the like are used as batteries for driving LCDs; 
however, battery boxes must be provided for such batteries, so that there are limits to how far the 
thickness and size of the [display] device can be reduced. In the case of such batteries, 
furthermore, there is a danger of liquid leakage. 

The present invention was devised in order to eliminate the above-mentioned conventional 
problems. The object of the present invention is to provide a battery-driven liquid crystal display 
which does not require a battery accommodating box, which allows the thickness and weight of 
the liquid crystal display and of the overall device to be greatly reduced, and which is highly 
safe. 
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(Means for Solving the Problems) 

The liquid crystal display of the present invention that achieves the above-mentioned object 
is a battery-driven liquid crystal display which is characterized by the fact that this display 
comprises a paper battery as a reflective sheet that also acts as a power supply. 

Here, the paper battery that acts as both a reflective sheet and a battery is preferably formed 
by successively laminating a positive pole collection layer, a positive pole active substance layer, 
a polymeric solid electrolyte layer and an aluminum foil layer. 

Mainly carbon or metal oxides are used as the substance that forms the positive pole 
collection layer. In this case, the carbon used is a material formed by dispersing carbon particles, 
carbon fibers or graphite in a polymer compound. Examples of metal oxides [that can be used] 
include ITO (indium tin oxide), indium oxide, tin oxide, mercury oxide, copper oxide and lead 
dioxide. These compounds may be used alone, or may be dispersed in a polymer compound. 

Examples of polymer compounds [that can be] used to disperse the carbon or metal oxides 
include urethane resins, butyral 1 resins, acrylic resins, vinyl chloride - vinyl acetate copolymers, 
polycarbonate resins, ABS resins, Teflon resins, natural rubber, polyester resins, alkyd resins, 
polyamide resins, polyimide resins, epoxy resins, phenol resins, melamine resins, styrol resins, 
acetal resins, nylon resins, polyolefin resins, cellulose-type resins, polyvinyl alcohols, 
polypropylenes and polyacrylamides. 

Furthermore, in order to enhance the collection effect of the positive pole collection layer, it 
is desirable that the surface resistance be 10 3 Qcm" 1 or less as measured by the four-terminal 
method, and a surface resistance of 5 x 10 2 Qcm" 1 or less is even more desirable. 

The positive pole active substance layer comprises a layer in which manganese dioxide is 
dispersed in a polymer compound. 

As in the case of the polymer compound used in the positive pole collection layer, examples 
of polymer compounds [that can be] used here include urethane resins, butyral resins, acrylic 
resins, vinyl chloride - vinyl acetate copolymers, polycarbonate resins, ABS resins, Teflon 
resins, natural rubber, polyester resins, alkyd resins, polyamide resins, polyimide resins, epoxy 
resins, phenol resins, melamine resins, styrol resins, acetal resins, nylon resins, polyolefin resins, 
cellulose-type resins, polyvinyl alcohols, polypropylenes and polyacrylamides. Furthermore, 
since the manganese dioxide is the positive pole active substance, it is desirable from the 

1 Translator's note: Here, the term "butyral" is actually transliterated inaccurately as "buratyl" in the original, 
resulting in a nonsensical word. 
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standpoint of the battery capacity and practical physical properties that [the amount of 
manganese dioxide that is used] be 50 parts by weight to 80 parts by weight of the total amount 
of the positive pole active substance layer. 

The polymeric solid electrolyte layer comprises an amorphous polymer compound and an 
alkali metal salt. 

This amorphous polymer compound is a polymer compound whose glass transition point is 
lower than room temperature, so that the compound shows active molecular motion at room 
temperature. [Examples of] such compounds include polyethylene oxides (PEO), 
polymethoxypolyethylene glycol methacrylates, polyvinylpyridines, polysiloxanes, 
polypropylene oxides, segmented polyurethanes, polyurethane-ureas, polyphosphazenes, 
celluloses, polystyrenes and polypeptides. In particular, a battery with a high energy density can 
be obtained in cases where a polymer of a monoester methacrylate expressed by the following 
formula I is used: 

CH, 

CH^C-CO-tCOHa-CHJn-OCH, 

I 

(In the above formula, n is an integer of 1 or greater.) 

Furthermore, lithium salts are desirable as the alkali metal salt used in the polymeric solid 
electrolyte; examples [of such lithium salts] include LiClCU, LiBr, LiSCN, LiCl, LiBF4 and 
LiPFa. The amount of alkali metal salt in the polymeric solid electrolyte varies according to the 
polymer compound used; this amount is preferably 1 to 99 parts by weight, and even more 
preferably 1 to 30 parts by weights, relative to the total amount of the polymeric solid electrolyte 
layer. 

The aluminum foil layer is a layer that acts as a negative pole, and that also acts as a 
reflective sheet for the liquid crystal display. From the standpoint of handling, the thickness of 
the aluminum foil layer is preferably 10 \i to 50 |u, and is even more preferably 30 \x to 50 jli. 

Furthermore, the paper battery can be formed by successively coating the surface of a 
support 1 with a coating liquid consisting of a mixture of various types of layer- forming 
substances with a solvent and dispersing agent and drying [the resulting coating layer] (as shown 
in Figure 1), and then further laminating an aluminum foil layer, and peeling the [resulting] 
laminate 6 from the support 1 . In this case, the positive pole collection layer 2 and positive pole 
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active substance layer 3 are formed by successively coating the surface of the support 1 with a 
coating liquid consisting of a mixture formed by mixing a layer-forming substance with water, 
alcohol or some other organic solvent and a dispersing agent, and then drying [the resulting 
coating layer]. 

The polymeric solid electrolyte layer 4 is formed by coating the surface of the positive pole 
active substance layer with a mixture formed by mixing an amorphous polymer compound and 
an alkali metal salt with an appropriate solvent, and then drying [the resulting coating layer]. 

Furthermore, a paper battery can be obtained by laminating an aluminum foil layer 5 on the 
surface of the polymeric solid electrolyte layer 4, and then peeling the [resulting] laminate 6 
from the support 1 . 

The above-mentioned positive pole collection layer 2, positive pole active substance layer 3 
and polymeric solid electrolyte layer 4 can all be formed to a dry film thickness of 20 \x or less 
(if necessary, to a dry film thickness of approximately 1 p,), so that the thickness of the battery as 
a whole (including the aluminum foil layer 5 constituting the uppermost layer) can be reduced to 
0.01 mm. 

The paper battery thus constructed can be used by cutting by means of scissors or a cutter, 
etc., to the required area in accordance with the required capacity; furthermore, the required 
voltage can be obtained by overlapping [such paper butteries] in accordance with the required 
voltage. 

In this liquid crystal display (LCD), as is shown in Figure 2 (for example), a glass plate 1 1 [is 
prepared which] has a deflector [sic] 2 10 pasted to one surface, and a molecular alignment layer 
12 and transparent electrode 13 disposed on the other surface, and such glass plates 1 1, 1 V are 
bonded by means of a peripheral bonding member 14 so that the respective electrodes 12 [sic] 
face each other; then, a liquid crystal 1 5 is sealed between the two electrodes 12 [sic]. The 
aluminum foil layer 5 of a paper battery 16 with a specified voltage is pasted to the glass plate 
1 1 ' constituting the back surface of this LCD by means of an appropriate bonding agent, or is 
caused to adhere tightly to this back surface without a bonding agent. 

Figure 3 shows one embodiment of a liquid crystal chronometer using the LCD of the present 
invention; this chronometer has a structure in which [such] an LCD 20, a paper battery 16 and a 
driving circuit board 21 are laminated and accommodated in a case 30, 31 . Here, the LCD 20 is 

2 Translator's note: This word "deflector" is probably a word processing error in the original for "polarizer"; the 
terms "deflector" and "polarizer" are homophonous in Japanese. 

3 Translator's note: here and below, "12" is an apparent error in the original for "13." 
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an LCD with the structure shown in Figure 2, with connecting terminals 20a being disposed on 
[one] end part. The driving circuit board 21 comprises a driving IC 23 and a conductor pattern 
24. This conductor pattern 24 comprises connecting terminals 22 that are connected with the 
connecting terminals 20a of the LCD 20, and power supply terminals 25 and 26. Furthermore, in 
the paper battery 16, the aluminum foil layer 5 adheres tightly to the back surface of the LCD 20 
and acts as a reflective sheet for the LCD 20; a portion of the end part of the aluminum foil layer 
is folded toward the side of the positive pole collection layer 2, so that this portion faces one of 
the power supply terminals 26 of the circuit board 21 . Meanwhile, the positive pole collection 
layer 2 faces the other power supply terminal 25. 

Since a paper battery that is used as both a reflective sheet and a buttery is thus used as the 
reflective sheet of the LCD, an accommodating space for the battery, which is necessary in a 
conventional [device], is not needed in the case 31, so that the liquid crystal display device itself 
can also be made extremely thin, and the weight of the device can be reduced. 

(Embodiments) 

Embodiment 1 

A polyester film (thickness 50 ^i) was used as an insulating body 1 and coated with a coating 
liquid having the composition shown below by means of a Meyer bar so that the [resulting] dry 
film thickness was 20 (i. [This coated body was] then dried for 5 minutes at 100°C to produce a 
positive pole collection layer 2. 

Conductive carbon black (Vulcan XC-72 manufactured by Cabot Corp.) 6 parts by weight 

Dispersing agent (Roma PW manufactured by Sannopco Co.) 1 part by weight 

Water 8 1 parts by weight 
Aqueous polyurethane resin (Neorets 4 R966 

manufactured by Polyvinyl Chemical Co.) 12 parts by weight 

The composition containing the above ingredients was dispersed and mixed for 24 hours by 
means of a ball mill, thus producing a coating liquid. 

In the case of [a surface area of] 15 cm x 15 cm, the surface resistance of the positive pole 
collection layer 2 was 5 x 10 2 Qcm" 1 (as measured by the four-terminal method). 

The surface of the positive pole collection layer 2 was coated with a coating liquid having the 
composition shown below by means of a Meyer bar so that the [resulting] dry film thickness was 



4 Translator's note: transliteration of an unknown product name. 
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20 |a, and [this coated assembly was] dried for 5 minutes at 100°C to produce a positive pole 
active substance layer 3. 

Manganese dioxide 24 parts by weight 

Dispersing agent (Roma PW manufactured by Sannopco Co.) 1 part by weight 

Isopropyl alcohol 5 parts by weight 

Water 60 parts by weight 
Aqueous polyurethane resin (Permarin 5 UA500 

manufactured by Sanyo Chemical Industries Co.) 1 0 parts by weight 

The composition containing the above ingredients was mixed for 24 hours by means of a ball 
mill, thus producing a coating liquid. 

The surface of the positive pole active substance layer 3 was uniformly coated with a mixture 
formed by mixing LiClCU with a polymer of a monoester methacrylate expressed by formula I 
(in the formula, n = 4), and was then dried to produce a polymeric solid electrolyte layer 4. 

CH a 

CH, = C-CO~(COH*~CH t )n-OCH a 



First, the monoester methacrylate was polymerized as described below. 

A solution prepared by dissolving the monoester methacrylate (NK Ester M-40G 
manufactured by Shin-nakamura Chemical Co.) in 30 g of methylene chloride was agitated under 
a nitrogen gas current in a polymerization tube. 

Afterward, a solution prepared by dissolving 1 g of azoisobutyronitrile in 10 g of methylene 
chloride was added dropwise, and [this mixture was] agitated for 45 minutes at 50°C. 

After this reaction solution was cooled to room temperature by being allowed to stand, the 
reaction solution was added to 50 ml of methanol under agitation, and the desired polymer was 
precipitated. This polymer was re-dissolved in methylene chloride, and was purified by 
repeatedly re-precipitating the polymer from methanol. The polymer was then vacuum-dried at 
70°C to produce a purified polymer. 



Translator's note: transliteration of an unknown product name. 
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The viscosity of a 70 wt% methylene chloride solution of this polymer was 500 cp (25°C) as 
measured by a B-type viscosity form [sic] 6 . 

25.5 g of this polymer, 4.5 g of LiC10 4 and 70 g of methyl ethyl ketone were mixed under 
agitation, and [this mixture was] uniformly applied as a coating liquid so that the dry film 
thickness was 5 |a. [This coated product was] then dried for 2 minutes at 100°C to produce a 
polymeric solid electrolyte layer 4. 

An aluminum foil (manufactured by Toyo Aluminum Co.) with a thickness of 30 |a was 
laminated on top of the polymeric solid electrolyte layer 4 at a lamination pressure of 
0.5 kgf/cm 2 . 

The [laminated assembly consisting of the] positive pole collection layer 2, positive pole 
active substance layer 3, polymeric solid electrolyte layer 4 and aluminum foil layer 5 thus 
successively laminated on the insulating body 1 was peeled away from the insulating body 1, 
thus producing a paper battery with a thickness of 0.075 mm. 

n 

The discharge characteristics of this paper battery are shown in Figure 3 [sic] . 

When the capacity in this case was calculated, the following results were obtained: 

Size 6 cm x 1 2 cm 

Capacity (Ah) lOmAh 

(Calculated using the time at which the super-electric power [sic] dropped to 0.5 V as a 
reference.) 

Using a cutter, the above-mentioned paper battery was cut to [a size of] 2 cm x 6 cm, and 
three samples of the same size were prepared. 

When an assembly formed by superimposing these three paper batteries so that the batteries 
were connected in series was used as a combination reflective sheet and battery in a liquid crystal 
chronometer (Chibideka Clock HT-22 manufactured by (Koko Musen K.K., external dimensions 
[W] 57 x H 32 x D 1 1 mm, liquid crystal display size 4.7 cm x 2.1 cm, driven by button-type 
battery (LR43)), the chronometer remained in operation for one year, a time comparable to that 
obtained for [the same] liquid crystal chronometer driven by a conventional button-type battery 



6 Translator's note: apparent word processing error in the original for "B-type viscometer," which happens to be 
homophonous with "B-type viscosity form" in Japanese. 

7 Translator's note: apparent error in the original for "Figure 4." 

8 Translator's note: apparent error in the original for "electromotive force." 
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(LR43). The strength of the contrast of the liquid crystal display as ascertained by visual 
evaluation was also more or less completely the same. 

Furthermore, when this combination reflective sheet and battery was used in the above- 
mentioned liquid crystal chronometer, it was possible to reduce the thickness [of the 
chronometer] from 1 1 mm to 7 mm, and to reduce the weight from 19.98 g to 14.19 g. 

Embodiment 2 

The same paper battery as that obtained in Embodiment 1 was cut to [a size of] 
1 0 cm x 4.5 cm by means of a cutter, and three samples of the same size were prepared. When 
an assembly produced by superimposing these three paper batteries so that the batteries were 
connected in series was used as a combination reflective sheet and battery in a large size liquid 
crystal chronometer (Omron Quartz CQ700 manufactured by Omron Tateisi Electronics Co., 
external dimensions W 143 x H 80 x D 14 mm, liquid crystal display size 10 cm x 4.5 cm, 
driven by an AAA cell), the chronometer remained in operation for one year, a time comparable 
to that obtained for [the same] liquid crystal chronometer driven by a conventional AAA cell. 
The strength of the contrast of the liquid crystal display as ascertained by visual evaluation was 
also more or less completely the same. 

Furthermore, when this combination reflective sheet and battery was used in the above- 
mentioned liquid crystal chronometer, it was possible to reduce the thickness [of the 
chronometer] from 14 mm to 6 mm, and to reduce the weight from 134.95 g to 41.0 g. 

(Effect of the Invention) 

In the battery-driven liquid crystal display of the present invention, the reflective sheet of the 
liquid crystal display also acts as a battery. Accordingly, there is no need for a battery 
accommodating space, so that the liquid crystal display and the device as a whole can be made 
extremely thin, and so that the weight can be reduced. Consequently, [the present invention] has 
an extremely high industrial value. 

Furthermore, in the battery-driven liquid crystal display of the present invention, since a 
paper battery using a polymeric solid electrolyte is used as the battery, there is no danger of 
liquid leakage, so that the display offers a high degree of safety. Moreover, since a structure is 
used in which electrode and electrolyte layers are successively formed, manufacture is also easy; 
accordingly, [the device of the present invention] can be manufactured inexpensively. 
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In addition, replacement of the combination reflective sheet and battery can easily be 
accomplished merely by peeling this part from the back-surface glass substrate of the liquid 
crystal display, and pasting a new combination reflective sheet and battery to this substrate. 

4. Brief Description of the Drawings 

Figure 1 is a diagram showing the structure of one embodiment of the paper battery used in 
the liquid crystal display of the present invention. Figure 2 is a sectional view of the 
construction of one embodiment of the liquid crystal display of the present invention. Figure 3 is 
an exploded perspective view of one embodiment of a liquid crystal chronometer using the liquid 
crystal display of the present invention. Figure 4 is a diagram which shows the discharge 
characteristics of Embodiment 1. 

1 : Support 

2: Positive pole collection layer 

3: Positive pole active substance layer 

4: Polymeric solid electrolyte layer 

5: Aluminum foil layer 

16: Paper battery 

20: Liquid crystal display 

Agent: Kazuo Moriya, Patent Attorney 
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Figure 4 

[J&y] 
Y axis: 
X axis: 

In graph (top): 
In graph (middle): 
In graph (bottom): 



Terminal voltage (V) 
Duration time (H) 
Load resistance 150 kQ 
Size 6 cm x 1 2 cm 
20°C , 65% [RH] 
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AMENDMENT (Voluntary) 

October 21 , 1988 



To: Commissioner of the Patent Office 

1 . Indication of Case: 

Japanese Patent Application No. S63-231852 

2. Title of the Invention: 



Japanese Patent Application Kokai Number: H 2-79893 



LIQUID CRYSTAL DISPLAY 

[Stamp: Patent Office, 10/22/1988, Application Section 2, [Illegible name]} 

3. Person Making the Amendment 

Relationship to Case: Patent Applicant 

Kimoto Co., Ltd. 

4. Agent: 

(7758) Kazuo Moriya, Patent Attorney [seal] 

Lots Izumi Bldg., Telephone: 03 (242) 7281 

3-1-13 Honmachi, Nihonbashi, Chuo-ku, Tokyo 103 

5. Object of the Amendment: 

Detailed Description of the Invention section in the Specification and Drawings 

6. Contents of the Amendment: 

(1) "spacer 40" is inserted following ''battery 16" on the last line of page 9 of the specification. 

(2) The following text is inserted following "... faces [the other power supply terminal 25." on 
page 1 0, line 1 3 of the specification: 

"An insulating spacer 40 which has holes 45 and 46 corresponding to the terminals 25 and 
26 is interposed between the circuit board 21 and the paper battery 16, so that areas other 
than the terminals are prevented from short-circuiting." 

(3) Figure 3 of the drawings is amended as shown on a separate sheet. 
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[Translator 's note: The page and line numbers given here are of the Japanese source 
documents. In our translation, amendment (1) is applicable to the second line of the last 
paragraph of page 6 (i.e., paragraph beginning with ''Figure 3 shows ... ") so that the phrase is 
amended as follows: 

"this chronometer has a structure in which such an LCD 20, a paper battery 1 6. spacer 40 and a 
driving circuit board 21 are laminated and accommodated in a case 30, 31. " 

The additional sentence of amendment (2) is added at the end of the same paragraph.] 




Figure 3 
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